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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a JFET Gunction 
field effect transistor) which easily realizes normally off, 
while securing high conductance and where leakage 
current is small even at high temperatures, and to 
provide a method for manufacturing the JFET. 
SOLUTION: The JFET is provided with a channel region 
5 positioned at the path of an electric charge carrier 
between both of source and drain regions 4, and a p- 
conductive semiconductor layer 2 positioned in contact 
with the channel region 5, which is provided with an n- 
conductive undoped layer 5a and an conductive 
semiconductor layer 5b, having a concentration 
distribution projecting in a state of a pulse in the 
thickness direction in the undoped layer. 
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(54) JUNCTION FIELD EFFECT TRANSISTOR AND METHOD FOR 
MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a JFET 
(junction field effect transistor) which easily realizes 
normally off, while securing high conductance and where 
leakage current is small even at high temperatures, and to 
provide a method for manufacturing the JFET. 
SOLUTION: The JFET is provided with a channel 
region 5 positioned at the path of an electric charge 
carrier between both of source and drain regions 4, and a 
p-conductive semiconductor layer 2 positioned in contact 
4 with the channel region 5, which is provided with an n- 
conductive undoped layer 5a and an conductive 
|p isemiconductor layer 5b, having a concentration 
distribution projecting in a state of a pulse in the 
thickness direction in the undoped layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The junction field effect transistor which it is a junction field effect transistor equipped 
with the channel field of the 1st conductivity-type semi-conductor formed in the path of the 
charge carrier between the source and both the fields of a drain, and the 2nd conductivity-type 
semiconductor region in which it is located in contact with the channel field, and said channel 
field equips with the undoping layer of the 1st conductivity type, and the 1st conductivity-type 
semi-conductor layer in which it is located in so that the undoping layer may face across a 
vertical side, and concentration distribution of the thickness direction projects in the shape of a 
pulse. 

[Claim 2] The junction field effect transistor according to claim 1 in which said 2nd 
conductivity-type semiconductor region is either of the thin films formed a semi-conductor 
substrate and on the semi-conductor substrate, and said channel field is located in contact with 
the 2nd conductivity-type semiconductor region top. 

[Claim 3] The junction field effect transistor according to claim 1 or 2 by which said 2nd 
conductivity-type semiconductor region introduces the 2nd conductivity-type impurity into either 
of the 1st conductivity-type semi-conductor film formed in contact with the 1st conductivity-type 
semi-conductor substrate and the semi-conductor substrate top by either ion-implantation and the 
impurity diffusion method, and is formed in it. 

[Claim 4] The junction field effect transistor according to claim 1 or 2 which is the field in which 
said 2nd conductivity-type semiconductor region added and formed the 2nd conductivity-type 
impurity while carrying out epitaxial growth of the semi-conductor film in contact with said 
semi-conductor substrate top. 

[Claim 5] A junction field effect transistor according to claim 1 to 3 with the thickness of said 
channel field thinner than the thickness of the depletion layer decided by diffusion potential of 
the joint of said channel field and said 2nd conductivity-type semiconductor region. 
[Claim 6] The junction field effect transistor according to claim 1 to 5 said whose semi- 
conductor substrate is a SiC substrate and whose crystal which constitutes said each semi- 
conductor is SiC. 

[Claim 7] It has a channel field for the path of the charge carrier between both the fields of the 
source and a drain. It is the manufacture approach of the junction field effect transistor which 
controls by gate voltage the flow of said charge carrier which passes through the channel field. 
To the n conductivity-type SiC thin film formed on said n conductivity-type SiC substrate or its n 
conductivity-type SiC substrate The process which introduces p conductivity-type impurity with 
ion-implantation, or carries out whether p conductivity-type impurity is added, and forms a p 
conductivity-type SiC layer into the epitaxial growth of a SiC thin film, It touches on said p 
conductivity-type SiC layer. The SiC undoping layer of n conductivity type, The manufacture 
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approach of a junction field effect transistor which is located so that the SiC undoping layer may 
face across the vertical side, and is equipped with the process which forms the channel layer 
containing the n conductivity-type SiC layer in which concentration distribution of the thickness 
direction projects in the shape of a pulse. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention more specifically relates to JFET which planned securing 
suppression and high conductance of the elevated-temperature leakage current, and its 
manufacture approach about a junction field effect transistor (JFET Junction Field Effect 
Transistor) and its manufacture approach by considering the impurity atom concentration profile 
of a channel field as special distribution. 
[0002] 

[Description of the Prior Art] Conventionally, in JFET, as shown in drawing 8 , the source field 
104 of n+ conductivity type linked to the source electrode S and the drain field 104 of n+ 
conductivity type linked to the drain electrode D are continuing in n conductivity-type field 103 
where high impurity concentration is lower than it. The channel field 107 where especially the 
center section of the n conductivity-type field 103 was made thin in thickness at the pars basilaris 
ossis occipitalis of a slot 109 is formed. The above-mentioned configuration is prepared in 
contact with p+ conductivity-type layer 102 top formed on p+ conductivity-type semi-conductor 
substrate 101. Moreover, the gate electrode G is formed in the rear face of a semi-conductor 
substrate. 

[0003] In using JFET of the above-mentioned configuration for a switching element, negative 
potential is impressed to the gate electrode G, and it impresses an electrical potential difference 
to the pn junction of p+ conductivity-type thin film 102 and the channel field 109. In order to 
realize an OFF state, let potential of n conductivity-type field be plus potential at the above- 
mentioned pn junction by making potential of a reverse bias electrical potential difference, i.e., 
p+ conductivity-type field, into minus potential. By adding impression of this reverse bias 
electrical potential difference to p+n junction, a depletion layer is grown up into n conductivity- 
type field 107,103, and the whole channel thickness is intercepted by the depletion layer. On the 
other hand, by making gate voltage into zero or a forward electrical potential difference, in order 
to realize an ON state, an electrical potential difference is impressed so that a charge carrier may 
move between source drains in a channel field. 

[0004] In above-mentioned explanation, JFET explained by assuming that it is no MARION. 
That is, if no electrical potential differences are impressed to the source, a drain, and a gate 
electrode, a depletion layer did not ****** to a channel and the ON state is realized. However, 
the diffusion potential of the above-mentioned p+n junction is large, and when channel thickness 
is sufficiently thin, a depletion layer is formed of the reverse bias electrical potential difference 
resulting from diffusion potential covering the whole thickness of a channel field. In this case, an 
OFF state is realized even if it impresses an electrical potential difference to neither the source 
nor a drain nor a gate electrode. Such JFET that an OFF state realizes even if it does not impress 
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an electrical potential difference from the outside is called JFET of no MARIOFU. 
[0005] Above JFET can be used as a high-speed switching element excellent in pressure 
resistance, if a SiC substrate is used as a semi-conductor substrate. 
[0006] 

[Problem(s) to be Solved by the Invention] However, the current which can be passed by the ON 
state cannot be decided by the thickness, width of face, and high impurity concentration (carrier 
concentration) of a channel field, and cannot pass usually so big a current. Moreover, if high 
impurity concentration of a channel field is made high in order to enlarge a current, the fall of 
component pressure-proofing may be brought about. When high impurity concentration of a 
channel field is made high, the overhang thickness of a depletion layer becomes small and it 
becomes impossible moreover, to realize no MARIOFU. On the contrary, if it is going to realize 
no MARIOFU, channel thickness must be made thin and high impurity concentration of a 
channel field must be made low. Consequently, it is not avoided that conductance becomes low. 
[0007] On the other hand, in order to raise the electron mobility of semi-conductors, such as SiC, 
as shown in drawing 9 In undoping layer 107a of the channel field 107, concentration 
distribution of the thickness direction has discretely semi-conductor layer 107b of the shape of a 
delta function field. The so-called semi-conductor layer of a delta dope MESFET which it has () 
[ Metal Semiconductor ] Field Effect Transistor is proposed (Yokogawa et al.: collection of 48th 
applied-physics relation union lecture meeting lecture drafts 30 a-E -13 and J.of Applied Physics, 
Vol89, p. 1794.). The identifier of a delta dope originates in the delta function showing 
distribution of the shape of a pulse, and the letter of a spike. Therefore, the above-mentioned 
concentration distribution may be called a delta dope or pulse dope. The channel field 107 
containing the above-mentioned pulse-like high concentration semi-conductor layer is formed on 
the undoping SiC layer 102 formed on the SiC substrate 101. 

[0008] In Above MESFET, although ohmic contact of the source electrode S and the drain 
electrode D is carried out to the n+SiC layer 104, the Schottky barrier of the gate electrode G and 
the undoping SiC layer 107b is carried out. The depletion-layer thickness of the Schottky barrier 
changes and the current which flows between the source and a drain field changes with the 
signals impressed to the gate electrode G. By having the channel field of such a delta dope, 
Above MESFET can have high electron mobility. 

[0009] However, in MESFET which controls a current by the shot key electrode, since the 
obstruction potential of the Schottky barrier is low, if a temperature rise occurs, the leakage of a 
current will be produced. Moreover, as mentioned above, in a no MARIOFU mold, a depletion 
layer is jutted out with the diffusion potential which occurs spontaneously in the joint of a shot 
key electrode and a semi-conductor, a channel is intercepted, and it considers as an OFF state. 
Since the diffusion potential of the Schottky barrier is as low as about IV, the overhang 
thickness of a depletion layer is small. For this reason, in order to make a channel intercept by 
this depletion layer, it is necessary to make channel thickness fairly thin. Consequently, channel 
on resistance will be large and conductance will become small. 

[0010] This invention aims at realizing no MARIOFU easily and offering little JFET and its 
manufacture approach of the leakage current also at an elevated temperature, securing high 
conductance. 
[0011] 

[Means for Solving the Problem] JFET of this invention is JFET equipped with the channel field 
of the 1st conductivity-type semi-conductor formed in the path of the charge carrier between the 
source and both the fields of a drain, and the 2nd conductivity-type semiconductor region in 
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which it is located in contact with the channel field. A channel field is equipped with the 
undoping layer of the 1st conductivity type, and the 1st conductivity-type semi-conductor layer 
in which it is located in so that that undoping layer may face across a vertical side, and 
concentration distribution of the thickness direction projects in the shape of a pulse in this JFET 
(claim 1). 

[0012] (The 2nd conductivity-type channel field / 1st conductivity-type semi-conductor layer) 
The diffusion potential of an interface is several times as large as the obstruction potential 
difference of the Schottky barrier. For example, when SiC is used for a semi-conductor, the 
Schottky barrier electrical potential differences with Ti are 1. IV- 1.2V. As compared with this, 
the diffusion potential of pn junction reaches about 3 V. For this reason, the leakage current in an 
elevated temperature can be made lower in each stage than MESFET using the Schottky barrier. 
[0013] Moreover, by formation of the 1st conductivity-type semi-conductor layer of thickness 
direction pulse-like high concentration distribution, electric resistance can be reduced and more 
currents can be passed. That is, high conductance is securable. furthermore, the slot which 
divides the source and a drain field since the maximum upper layer of a channel field is the 1st 
conductivity-type undoping layer — RIE (Reactive Ion Etching) — even if there is a dimension 
error, it can avoid almost influencing on resistance, when etching by law That is, when parallel 
connection of a high resistive layer and the low resistive layer is carried out, even if a high 
resistive layer has some fluctuation, effect hardly receives combined resistance. For this reason, 
the tolerance of the process tolerance of RIE can be raised and the manufacture yield can be 
raised. Moreover, since electron mobility is also dependent on the concentration of an undoping 
layer, high electron mobility is securable. In addition, as long as it is contacted so that the above- 
mentioned undoping layer may face across the vertical side, there may be one or more-layer how 
many layers of 1st conductivity-type semi-conductor layers which have the concentration 
distribution projected in the shape of a pulse in the above-mentioned thickness direction. 
Moreover, it is made for the thickness of a high-concentration layer to have several [ several / III 
of an undoping layer ], for example, the thickness of 1/5, in the shape of an above-mentioned 
pulse. 

[0014] In JFET of above-mentioned this invention, the 2nd conductivity-type semiconductor 
region is either of the thin films formed a semi-conductor substrate and on the semi-conductor 
substrate, and a channel field can be located in contact with the 2nd conductivity-type 
semiconductor region top (claim 2). 

[0015] A depletion layer can be jutted out of the inferior surface of tongue of a channel field, and 
the flow of a charge carrier can be easily controlled by this configuration. The gate electrode 
over which impress a reverse bias electrical potential difference to the above-mentioned joint, 
and a depletion layer is made to jut out can have the next arrangement, (a) It is good also as 
backgate structure of connecting a gate electrode to the rear face of a channel and the semi- 
conductor substrate of the opposite side, and good also as structure of connecting a gate electrode 
to both both [ one side or ] of both the sides of the same side as the (b) channel. 
[0016] In JFET of above-mentioned this invention, it can do with what introduced the 2nd 
conductivity-type impurity into either of the 1st conductivity-type semi-conductor film formed in 
the 2nd conductivity-type semiconductor region in contact with the 1st conductivity-type semi- 
conductor substrate and the semi-conductor substrate top by either ion-implantation and the 
impurity diffusion method, and was formed in it (claim 3). 

[0017] When the p conductivity-type SiC film forms boron with an epitaxial grown method as a 
dopant, only a very bad thing may be able to do crystallinity, including a micro pipe etc. mostly. 
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Moreover, since aluminum deposits on the wall of membrane formation equipment when making 
aluminum into a dopant, it is necessary to clean periodically and manufacture efficiency falls. 
Even when a semi-conductor is set to SiC and the 2nd conductivity type is used as p conductivity 
type by the above-mentioned manufacture approach, a crystalline good p conductivity-type SiC 
layer can be formed in the bottom of a channel field under infallible high productivity. 
Consequently, the leakage current in an elevated temperature can be controlled. 
[0018] In JFET of above-mentioned this invention, while carrying out epitaxial growth of the 
semi-conductor film for the 2nd conductivity-type semiconductor region in contact with a semi- 
conductor substrate top, it can consider as the field which added and formed the 2nd 
conductivity-type impurity (claim 4). 

[0019] By this configuration, when the conditions to which epitaxial growth for example, of the 
p conductivity-type SiC film is carried out without a serious defect are able to be found out, this 
p conductivity-type SiC film can be used, and JFET can be formed. 

[0020] In JFET of above-mentioned this invention, the thickness of a channel field can make it 
thinner than the thickness of the depletion layer decided by diffusion potential of the joint of a 
channel field and the 2nd conductivity-type semiconductor region (claim 5). 
[0021] By this configuration, the 1st conductivity-type high impurity concentration of (1) 
undoping layer, the 1st conductivity- type high impurity concentration of (2) delta dope layer, and 
the 2nd conductivity-type high impurity concentration of the (3) 2nd conductivity-type semi- 
conductor layer can be adjusted, the diffusion potential of a joint can be known, and the 
thickness of the depletion layer jutted out over a channel side in a joint can be known. JFET of 
no MARIOFU can be manufactured by making thickness of (4) channel field thinner than the 
thickness of this depletion layer. Since JFET of no MARIOFU is made with an OFF state when 
failure is produced in an electrical circuit system and electricity is not supplied, it can be used for 
control of a rotating machine etc., without complicating a circuit. 

[0022] In JFET of above-mentioned this invention, a semi-conductor substrate is used as a SiC 
substrate, and the crystal which constitutes each semi-conductor is made with SiC (claim 6). 
[0023] SiC is excellent in the proof-pressure engine performance, and since the mobility of a 
charge carrier is also high, it can use for the high-speed switching element of control of large 
power, or large power. 

[0024] It is the manufacture approach of the junction field effect transistor which controls the 
flow of the charge carrier which has a channel field for the path of the charge carrier between 
both the fields of the source and a drain, and passes through the channel field with gate voltage 
by the manufacture approach of JFET of this invention. This manufacture approach to the n 
conductivity-type SiC thin film formed on an n conductivity-type SiC substrate or its n 
conductivity-type SiC substrate The process which introduces p conductivity-type impurity by 
either ion-implantation and the diffusion method, or carries out whether p conductivity-type 
impurity is added, and forms a p conductivity-type SiC layer into the epitaxial growth of a SiC 
thin film, In contact with a p conductivity-type SiC layer top, it has the process which forms the 
channel layer containing the SiC undoping layer of n conductivity type, and the n conductivity- 
type SiC layer in which it is located in so that the SiC undoping layer may face across the 
vertical side, and concentration distribution of the thickness direction projects in the shape of a 
pulse (claim 7). 

[0025] JFET which secured high conductance can be easily formed by formation of the 1st 
conductivity-type semi-conductor layer of high concentration distribution of the shape of a 
thickness direction pulse which was excellent in crystallinity by this manufacture approach. 
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furthermore, the case where the slot which divides the source and a drain field, for example is 
formed since the maximum upper layer of a channel field is the 1st conductivity-type undoping 
layer — RIE (Reactive Ion Etching) — even if there is a dimension error, it can avoid almost 
influencing on resistance, when etching by law That is, when parallel connection of a high 
resistive layer and the low resistive layer is carried out, even if a high resistive layer has some 
fluctuation, effect hardly receives combined resistance. For this reason, the tolerance of the 
process tolerance of RIE can be raised and the manufacture yield can be raised. 
[0026] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained using 
a drawing. 

(Gestalt 1 of operation) Drawing 1 is the sectional view showing JFET in the gestalt 1 of 
operation of this invention. The p+ conductivity-type SiC film 2 is formed on the SiC substrate 
1 . On the p+ conductivity-type SiC film 2, the laminating of n with a thickness of 50nm which is 
undoping layer conductivity-type SiC film 5a, and the pulse-like layer 5b of n+ conductivity type 
which has steep concentration distribution with a thickness of lOnm is carried out by turns. 
Distribution of n conductivity-type high impurity concentration of the thickness direction of a 
channel field is shown in drawing 2 . This laminating field constitutes the channel field 5. Pulse- 
like layer 5b of n+ conductivity type may call it a delta layer, a pulse-like layer, or the letter layer 
of a spike. The peak value of n mold high impurity concentration of this delta layer is lxl 01 8cm- 
3. n conductivity-type high impurity concentration of an undoping layer — the concentration of 
this peak value — number order — it is low. The part of the bottom which touches the part of the 
top of the channel layer 5 and the p+ conductivity-type SiC film 2 is formed of the undoping 
layer. 

[0027] n+ conductivity-type field 4 linked to the source electrode S divided and located on the 
channel layer 5 and the drain electrode D and n conductivity-type semiconductor region 3 which 
is located in the bottom of it and touches a channel field are arranged. 
[0028] In the case of the structure of drawing 1 , the gate electrode G is arranged on the p+ 
conductivity-type SiC film formed on the SiC substrate. 

[0029] In JFET of the above-mentioned structure, the diffusion potential of about 3 V is 
produced in the joint of the p+ conductivity-type SiC film 2 and undoping layer 5a of the lowest 
layer of a channel field. Since this diffusion potential acts on the above-mentioned joint as a 
reverse bias electrical potential difference, it can control the leakage current certainly to an 
elevated temperature more compared with the leakage current prevention by the Schottky barrier 
potential of MESFET. Furthermore, by formation of the delta layer of a high concentration 
impurity, electric resistance can be reduced and more currents can be passed. That is, high 
conductance is securable. Moreover, since it depends also for electronic mobility on the 
concentration of an undoping layer, high electron mobility is securable. 
[0030] The structure of above-mentioned drawing 1 can be manufactured by the following 
manufacture approach. 

(1) Do introduce p conductivity-type impurity into the n conductivity-type SiC film formed on 
the n conductivity-type SiC substrate or the SiC substrate with ion-implantation first? Or the SiC 
film is grown epitaxially adding p conductivity-type impurity, and a p conductivity-type SiC 
layer is formed. Consequently, the crystalline good p conductivity-type SiC film can be obtained. 

(2) Subsequently, form an n conductivity-type undoping SiC layer and a pulse-like n 
conductivity-type SiC layer by turns. The lowest layer and the maximum upper layer of a 
channel field are taken as an undoping layer. Peak value of pulse-like n conductivity-type high 
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impurity concentration is set to 1x101 8cm-3. 

(3) Form the n conductivity-type SiC layer used as the source and a drain field after this. 
Patterning of the channel field 5 is carried out by etching this n conductivity-type SiC film by 
dry etching, such as RIE (Reactive Ion Etching). 

(4) Subsequently, separate and form the source and a drain on a channel field by the usual 
approach. Moreover, the gate electrode G is formed on the p+ conductivity-type SiC film 2. 
[0031] By the above-mentioned manufacture approach, the good crystalline p conductivity-type 
SiC film can be obtained. 

[0032] Drawing 3 is drawing showing the modification of JFET of the gestalt 1 of operation of 
above-mentioned this invention. In this JFET, p conductivity-type impurity was introduced into 
the SiC substrate, and the channel field 5 is directly arranged on it. 

[0033] Moreover, drawing 4 is drawing showing another modification of JFET of the gestalt 1 of 
operation of above-mentioned this invention. In this JFET, p conductivity-type impurity is 
introduced into a SiC substrate, and it considers as a p conductivity-type SiC substrate. 
Furthermore, the gate electrode is made into the backgate structure by which ohmic contact was 
carried out to the rear-face side of an n+ conductivity-type SiC substrate. By using such backgate 
structure, the two-dimensional dimension of JFET is reduced and it becomes possible to 
miniaturize. 

(Gestalt 2 of operation) Drawing 5 is the sectional view showing JFET in the gestalt 2 of 
operation of this invention. This JFET is JFET of a no MARIOFU mold, and, for this reason, the 
layer of pulse-like concentration is made only into one layer. Let thickness of the channel field 5 
which consists of pulse-like high concentration n-type-semiconductor one-layer layer 5b and n 
conductivity- type undoping layer 5a which sandwiches it from the upper and lower sides be the 
thickness by which no MARIOFU is realized. That is, for the diffusion potential generated in the 
joint of a channel field and a p+ conductivity-type SiC layer, a depletion layer occurs in this joint 
and only predetermined thickness is extended to a channel field. If the above-mentioned channel 
field is intercepted by the depletion layer of this predetermined thickness, JFET of no 
MARIOFU will be realized by it. 

[0034] In SiC, the above-mentioned diffusion potential is comparatively as high as about 3 V. 
Since the shot key potentials in MESFET are 1.1 V- 1.2V, several times as high a reverse bias 
electrical potential difference as it can be obtained. Since the thickness of the above-mentioned 
depletion layer is proportional to a reverse bias electrical potential difference, since diffusion 
potential abbreviation 3 V of JFET are fairly higher from the shot key electrical potential 
difference 1.1 of MESFET, it can make channel thickness thicker than before, and it can form 
JFET. For this reason, the way of JFET of no MARIOFU can secure high conductance from 
MESFET of no MARIOFU. 

[0035] Drawing 6 [ JFET of no MARIOFU of drawing 5 ] which can be fundamentally 
manufactured by the same manufacture approach as JFET of drawing 1 is drawing showing the 
modification of JFET of no MARIOFU in the gestalt 2 of operation of above-mentioned this 
invention. In this JFET, the p conductivity-type SiC substrate which introduced p conductivity- 
type impurity into the SiC substrate is used. For this reason, since it is not necessary to form the 
p+ conductivity-type SiC film on a SiC substrate, 1 process abbreviation can be carried out. 
[0036] Moreover, drawing 7 is drawing showing another modification of JFET of no MARIOFU 
in the gestalt 2 of operation of above-mentioned this invention. In this JFET, p conductivity-type 
impurity is introduced into a SiC substrate, and the p conductivity-type SiC substrate is used. 
Furthermore, the gate electrode is made into the backgate structure by which ohmic contact was 
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carried out to the rear-face side of an n+ conductivity-type SiC substrate. By using such backgate 
structure, the two-dimensional dimension of JFET is reduced and it becomes possible to 
miniaturize. 

[0037] In the above, although the gestalt of operation of this invention was explained, the gestalt 
of operation of this invention indicated above is instantiation to the last, and the range of this 
invention is not limited to the gestalt of implementation of these invention. The range of this 
invention is shown by the publication of a claim, and includes all modification in the publication 
of a claim, equal semantics, and within the limits further. 
[0038] 

[Effect of the Invention] By using JFET and its manufacture approach of this invention, securing 
high conductance, no MARIOFU can be realized easily and JFET with little leakage current can 
be offered also at an elevated temperature. 



[Translation done.] 



11 



6/13/2006 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention more specifically relates to JFET which planned securing 
suppression and high conductance of the elevated-temperature leakage current, and its 
manufacture approach about a junction field effect transistor (JFET Junction Field Effect 
Transistor) and its manufacture approach by considering the impurity atom concentration profile 
of a channel field as special distribution. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Conventionally, in JFET, as shown in drawing 8 , the source field 
104 of n+ conductivity type linked to the source electrode S and the drain field 104 of n+ 
conductivity type linked to the drain electrode D are continuing in n conductivity-type field 103 
where high impurity concentration is lower than it. The channel field 107 where especially the 
center section of the n conductivity-type field 103 was made thin in thickness at the pars basilaris 
ossis occipitalis of a slot 109 is formed. The above-mentioned configuration is prepared in 
contact with p+ conductivity-type layer 102 top formed on p+ conductivity-type semi-conductor 
substrate 101. Moreover, the gate electrode G is formed in the rear face of a semi-conductor 
substrate. 

[0003] In using JFET of the above-mentioned configuration for a switching element, negative 
potential is impressed to the gate electrode G, and it impresses an electrical potential difference 
to the pn junction of p+ conductivity-type thin film 102 and the channel field 109. In order to 
realize an OFF state, let potential of n conductivity-type field be plus potential at the above- 
mentioned pn junction by making potential of a reverse bias electrical potential difference, i.e., 
p+ conductivity-type field, into minus potential. By adding impression of this reverse bias 
electrical potential difference to p+n junction, a depletion layer is grown up into n conductivity- 
type field 107,103, and the whole channel thickness is intercepted by the depletion layer. On the 
other hand, by making gate voltage into zero or a forward electrical potential difference, in order 
to realize an ON state, an electrical potential difference is impressed so that a charge carrier may 
move between source drains in a channel field. 

[0004] In above-mentioned explanation, JFET explained by assuming that it is no MARION. 
That is, if no electrical potential differences are impressed to the source, a drain, and a gate 
electrode, a depletion layer did not ****** to a channel and the ON state is realized. However, 
the diffusion potential of the above-mentioned p+n junction is large, and when channel thickness 
is sufficiently thin, a depletion layer is formed of the reverse bias electrical potential difference 
resulting from diffusion potential covering the whole thickness of a channel field. In this case, an 
OFF state is realized even if it impresses an electrical potential difference to neither the source 
nor a drain nor a gate electrode. Such JFET that an OFF state realizes even if it does not impress 
an electrical potential difference from the outside is called JFET of no MARIOFU. 
[0005] Above JFET can be used as a high-speed switching element excellent in pressure 
resistance, if a SiC substrate is used as a semi-conductor substrate. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

EFFECT OF THE INVENTION 



[Effect of the Invention] By using JFET and its manufacture approach of this invention, securing 
high conductance, no MARIOFU can be realized easily and JFET with little leakage current can 
be offered also at an elevated temperature. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, the current which can be passed by the ON 
state cannot be decided by the thickness, width of face, and high impurity concentration (carrier 
concentration) of a channel field, and cannot pass usually so big a current. Moreover, if high 
impurity concentration of a channel field is made high in order to enlarge a current, the fall of 
component pressure-proofing may be brought about. When high impurity concentration of a 
channel field is made high, the overhang thickness of a depletion layer becomes small and it 
becomes impossible moreover, to realize no MARIOFU. On the contrary, if it is going to realize 
no MARIOFU, channel thickness must be made thin and high impurity concentration of a 
channel field must be made low. Consequently, it is not avoided that conductance becomes low. 
[0007] On the other hand, in order to raise the electron mobility of semi-conductors, such as SiC, 
as shown in drawing 9 In undoping layer 107a of the channel field 107, concentration 
distribution of the thickness direction has discretely semi-conductor layer 107b of the shape of a 
delta function field. The so-called semi-conductor layer of a delta dope MESFET which it has 0 
[ Metal Semiconductor ] Field Effect Transistor is proposed (Yokogawa et al: collection of 48th 
applied-physics relation union lecture meeting lecture drafts 30 a-E -13 and J.of Applied Physics, 
Vol89, p. 1794.). The identifier of a delta dope originates in the delta function showing 
distribution of the shape of a pulse, and the letter of a spike. Therefore, the above-mentioned 
concentration distribution may be called a delta dope or pulse dope. The channel field 107 
containing the above-mentioned pulse-like high concentration semi-conductor layer is formed on 
the undoping SiC layer 102 formed on the SiC substrate 101. 

[0008] In Above MESFET, although ohmic contact of the source electrode S and the drain 
electrode D is carried out to the n+SiC layer 104, the Schottky barrier of the gate electrode G and 
the undoping SiC layer 107b is carried out. The depletion-layer thickness of the Schottky barrier 
changes and the current which flows between the source and a drain field changes with the 
signals impressed to the gate electrode G. By having the channel field of such a delta dope, 
Above MESFET can have high electron mobility. 

[0009] However, in MESFET which controls a current by the shot key electrode, since the 
obstruction potential of the Schottky barrier is low, if a temperature rise occurs, the leakage of a 
current will be produced. Moreover, as mentioned above, in a no MARIOFU mold, a depletion 
layer is jutted out with the diffusion potential which occurs spontaneously in the joint of a shot 
key electrode and a semi-conductor, a channel is intercepted, and it considers as an OFF state. 
Since the diffusion potential of the Schottky barrier is as low as about IV, the overhang 
thickness of a depletion layer is small. For this reason, in order to make a channel intercept by 
this depletion layer, it is necessary to make channel thickness fairly thin. Consequently, channel 
on resistance will be large and conductance will become small. 

[0010] This invention aims at realizing no MARIOFU easily and offering little JFET and its 
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manufacture approach of the leakage current also at an elevated temperature, securing high 

conductance. 

[0011] 
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JPO and NCIPI are not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original 
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MEANS 



[Means for Solving the Problem] JFET of this invention is JFET equipped with the channel field 
of the 1st conductivity-type semi-conductor formed in the path of the charge carrier between the 
source and both the fields of a drain, and the 2nd conductivity-type semiconductor region in 
which it is located in contact with the channel field. A channel field is equipped with the 
undoping layer of the 1st conductivity type, and the 1st conductivity-type semi-conductor layer 
in which it is located in so that that undoping layer may face across a vertical side, and 
concentration distribution of the thickness direction projects in the shape of a pulse in this JFET 
(claim 1). 

[0012] (The 2nd conductivity-type channel field / 1st conductivity-type semi-conductor layer) 
The diffusion potential of an interface is several times as large as the obstruction potential 
difference of the Schottky barrier. For example, when SiC is used for a semi-conductor, the 
Schottky barrier electrical potential differences with Ti are 1.1 V- 1.2V. As compared with this, 
the diffusion potential of pn junction reaches about 3 V. For this reason, the leakage current in an 
elevated temperature can be made lower in each stage than MESFET using the Schottky barrier. 
[0013] Moreover, by formation of the 1st conductivity-type semi-conductor layer of thickness 
direction pulse-like high concentration distribution, electric resistance can be reduced and more 
currents can be passed. That is, high conductance is securable. furthermore, the slot which 
divides the source and a drain field since the maximum upper layer of a channel field is the 1 st 
conductivity-type undoping layer - RIE (Reactive Ion Etching) — even if there is a dimension 
error, it can avoid almost influencing on resistance, when etching by law That is, when parallel 
connection of a high resistive layer and the low resistive layer is carried out, even if a high 
resistive layer has some fluctuation, effect hardly receives combined resistance. For this reason, 
the tolerance of the process tolerance of RIE can be raised and the manufacture yield can be 
raised. Moreover, since electron mobility is also dependent on the concentration of an undoping 
layer, high electron mobility is securable. In addition, as long as it is contacted so that the above- 
mentioned undoping layer may face across the vertical side, there may be one or more-layer how 
many layers of 1 st conductivity-type semi-conductor layers which have the concentration 
distribution projected in the shape of a pulse in the above-mentioned thickness direction. 
Moreover, it is made for the thickness of a high-concentration layer to have several [ several / Ml 
of an undoping layer ], for example, the thickness of 1/5, in the shape of an above-mentioned 
pulse. 

[0014] In JFET of above-mentioned this invention, the 2nd conductivity-type semiconductor 
region is either of the thin films formed a semi-conductor substrate and on the semi-conductor 
substrate, and a channel field can be located in contact with the 2nd conductivity-type 
semiconductor region top (claim 2). 

[0015] A depletion layer can be jutted out of the inferior surface of tongue of a channel field, and 
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the flow of a charge carrier can be easily controlled by this configuration. The gate electrode 
over which impress a reverse bias electrical potential difference to the above-mentioned joint, 
and a depletion layer is made to jut out can have the next arrangement, (a) It is good also as 
backgate structure of connecting a gate electrode to the rear face of a channel and the semi- 
conductor substrate of the opposite side, and good also as structure of connecting a gate electrode 
to both both [ one side or ] of both the sides of the same side as the (b) channel. 
[0016] In JFET of above-mentioned this invention, it can do with what introduced the 2nd 
conductivity-type impurity into either of the 1st conductivity-type semi-conductor film formed in 
the 2nd conductivity-type semiconductor region in contact with the 1 st conductivity-type semi- 
conductor substrate and the semi-conductor substrate top by either ion-implantation and the 
impurity diffusion method, and was formed in it (claim 3). 

[0017] When the p conductivity-type SiC film forms boron with an epitaxial grown method as a 
dopant, only a very bad thing may be able to do crystallinity, including a micro pipe etc. mostly. 
Moreover, since aluminum deposits on the wall of membrane formation equipment when making 
aluminum into a dopant, it is necessary to clean periodically and manufacture efficiency falls. 
Even when a semi-conductor is set to SiC and the 2nd conductivity type is used as p conductivity 
type by the above-mentioned manufacture approach, a crystalline good p conductivity-type SiC 
layer can be formed in the bottom of a channel field under infallible high productivity. 
Consequently, the leakage current in an elevated temperature can be controlled. 
[0018] In JFET of above-mentioned this invention, while carrying out epitaxial growth of the 
semi-conductor film for the 2nd conductivity-type semiconductor region in contact with a semi- 
conductor substrate top, it can consider as the field which added and formed the 2nd 
conductivity-type impurity (claim 4). 

[0019] By this configuration, when the conditions to which epitaxial growth for example, of the 
p conductivity-type SiC film is carried out without a serious defect are able to be found out, this 
p conductivity-type SiC film can be used, and JFET can be formed. 

[0020] In JFET of above-mentioned this invention, the thickness of a channel field can make it 
thinner than the thickness of the depletion layer decided by diffusion potential of the joint of a 
channel field and the 2nd conductivity-type semiconductor region (claim 5). 
[0021] By this configuration, the 1st conductivity-type high impurity concentration of (1) 
undoping layer, the 1st conductivity-type high impurity concentration of (2) delta dope layer, and 
the 2nd conductivity-type high impurity concentration of the (3) 2nd conductivity-type semi- 
conductor layer can be adjusted, the diffusion potential of a joint can be known, and the 
thickness of the depletion layer jutted out over a channel side in a joint can be known. JFET of 
no MARIOFU can be manufactured by making thickness of (4) channel field thinner than the 
thickness of this depletion layer. Since JFET of no MARIOFU is made with an OFF state when 
failure is produced in an electrical circuit system and electricity is not supplied, it can be used for 
control of a rotating machine etc., without complicating a circuit. 

[0022] In JFET of above-mentioned this invention, a semi-conductor substrate is used as a SiC 
substrate, and the crystal which constitutes each semi-conductor is made with SiC (claim 6). 
[0023] SiC is excellent in the proof-pressure engine performance, and since the mobility of a 
charge carrier is also high, it can use for the high-speed switching element of control of large 
power, or large power. 

[0024] It is the manufacture approach of the junction field effect transistor which controls the 
flow of the charge carrier which has a channel field for the path of the charge carrier between 
both the fields of the source and a drain, and passes through the channel field with gate voltage 
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by the manufacture approach of JFET of this invention. This manufacture approach to the n 
conductivity-type SiC thin film formed on an n conductivity-type SiC substrate or its n 
conductivity-type SiC substrate The process which introduces p conductivity-type impurity by 
either ion-implantation and the diffusion method, or carries out whether p conductivity-type 
impurity is added, and forms a p conductivity-type SiC layer into the epitaxial growth of a SiC 
thin film, In contact with a p conductivity-type SiC layer top, it has the process which forms the 
channel layer containing the SiC undoping layer of n conductivity type, and the n conductivity- 
type SiC layer in which it is located in so that the SiC undoping layer may face across the 
vertical side, and concentration distribution of the thickness direction projects in the shape of a 
pulse (claim 7). 

[0025] JFET which secured high conductance can be easily formed by formation of the 1st 
conductivity-type semi-conductor layer of high concentration distribution of the shape of a 
thickness direction pulse which was excellent in crystallinity by this manufacture approach, 
furthermore, the case where the slot which divides the source and a drain field, for example is 
formed since the maximum upper layer of a channel field is the 1 st conductivity-type undoping 
layer — RIE (Reactive Ion Etching) — even if there is a dimension error, it can avoid almost 
influencing on resistance, when etching by law That is, when parallel connection of a high 
resistive layer and the low resistive layer is carried out, even if a high resistive layer has some 
fluctuation, effect hardly receives combined resistance. For this reason, the tolerance of the 
process tolerance of RIE can be raised and the manufacture yield can be raised. 
[0026] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained using 
a drawing. 

(Gestalt 1 of operation) Drawing 1 is the sectional view showing JFET in the gestalt 1 of 
operation of this invention. The p+ conductivity-type SiC film 2 is formed on the SiC substrate 
1 . On the p+ conductivity-type SiC film 2, the laminating of n with a thickness of 50nm which is 
undoping layer conductivity-type SiC film 5a, and the pulse-like layer 5b of n+ conductivity type 
which has steep concentration distribution with a thickness of lOnm is carried out by turns. 
Distribution of n conductivity-type high impurity concentration of the thickness direction of a 
channel field is shown in drawing 2 . This laminating field constitutes the channel field 5. Pulse- 
like layer 5b of n+ conductivity type may call it a delta layer, a pulse-like layer, or the letter layer 
of a spike. The peak value of n mold high impurity concentration of this delta layer is 1x101 8cm- 
3. n conductivity-type high impurity concentration of an undoping layer — the concentration of 
this peak value — number order — it is low. The part of the bottom which touches the part of the 
top of the channel layer 5 and the p+ conductivity-type SiC film 2 is formed of the undoping 
layer. 

[0027] n+ conductivity-type field 4 linked to the source electrode S divided and located on the 
channel layer 5 and the drain electrode D and n conductivity-type semiconductor region 3 which 
is located in the bottom of it and touches a channel field are arranged. 
[0028] In the case of the structure of drawing 1 , the gate electrode G is arranged on the p+ 
conductivity-type SiC film formed on the SiC substrate. 

[0029] In JFET of the above-mentioned structure, the diffusion potential of about 3 V is 
produced in the joint of the p+ conductivity-type SiC film 2 and undoping layer 5a of the lowest 
layer of a channel field. Since this diffusion potential acts on the above-mentioned joint as a 
reverse bias electrical potential difference, it can control the leakage current certainly to an 
elevated temperature more compared with the leakage current prevention by the Schottky barrier 
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potential of MESFET. Furthermore, by formation of the delta layer of a high concentration 
impurity, electric resistance can be reduced and more currents can be passed. That is, high 
conductance is securable. Moreover, since it depends also for electronic mobility on the 
concentration of an undoping layer, high electron mobility is securable. 
[0030] The structure of above-mentioned drawing 1 can be manufactured by the following 
manufacture approach. 

(1) Do introduce p conductivity-type impurity into the n conductivity- type SiC film formed on 
the n conductivity-type SiC substrate or the SiC substrate with ion-implantation first? Or the SiC 
film is grown epitaxially adding p conductivity-type impurity, and a p conductivity-type SiC 
layer is formed. Consequently, the crystalline good p conductivity-type SiC film can be obtained. 

(2) Subsequently, form an n conductivity-type undoping SiC layer and a pulse-like n 
conductivity-type SiC layer by turns. The lowest layer and the maximum upper layer of a 
channel field are taken as an undoping layer. Peak value of pulse-like n conductivity-type high 
impurity concentration is set to 1x101 8cm-3. 

(3) Form the n conductivity-type SiC layer used as the source and a drain field after this. 
Patterning of the channel field 5 is carried out by etching this n conductivity-type SiC film by 
dry etching, such as RIE (Reactive Ion Etching). 

(4) Subsequently, separate and form the source and a drain on a channel field by the usual 
approach. Moreover, the gate electrode G is formed on the p+ conductivity-type SiC film 2. 
[0031] By the above-mentioned manufacture approach, the good crystalline p conductivity-type 
SiC film can be obtained. 

[0032] Drawing 3 is drawing showing the modification of JFET of the gestalt 1 of operation of 
above-mentioned this invention. In this JFET, p conductivity-type impurity was introduced into 
the SiC substrate, and the channel field 5 is directly arranged on it. 

[0033] Moreover, drawing 4 is drawing showing another modification of JFET of the gestalt 1 of 
operation of above-mentioned this invention. In this JFET, p conductivity-type impurity is 
introduced into a SiC substrate, and it considers as a p conductivity-type SiC substrate. 
Furthermore, the gate electrode is made into the backgate structure by which ohmic contact was 
carried out to the rear-face side of an n+ conductivity-type SiC substrate. By using such backgate 
structure, the two-dimensional dimension of JFET is reduced and it becomes possible to 
miniaturize. 

(Gestalt 2 of operation) Drawing 5 is the sectional view showing JFET in the gestalt 2 of 
operation of this invention. This JFET is JFET of a no MARIOFU mold, and, for this reason, the 
layer of pulse-like concentration is made only into one layer. Let thickness of the channel field 5 
which consists of pulse-like high concentration n-type-semiconductor one-layer layer 5b and n 
conductivity-type undoping layer 5 a which sandwiches it from the upper and lower sides be the 
thickness by which no MARIOFU is realized. That is, for the diffusion potential generated in the 
joint of a channel field and a p+ conductivity-type SiC layer, a depletion layer occurs in this joint 
and only predetermined thickness is extended to a channel field. If the above-mentioned channel 
field is intercepted by the depletion layer of this predetermined thickness, JFET of no 
MARIOFU will be realized by it. 

[0034] In SiC, the above-mentioned diffusion potential is comparatively as high as about 3 V. 
Since the shot key potentials in MESFET are 1 . 1 V-l .2V, several times as high a reverse bias 
electrical potential difference as it can be obtained. Since the thickness of the above-mentioned 
depletion layer is proportional to a reverse bias electrical potential difference, since diffusion 
potential abbreviation 3 V of JFET are fairly higher from the shot key electrical potential 
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difference 1.1 of MESFET, it can make channel thickness thicker than before, and it can form 
JFET. For this reason, the way of JFET of no MARIOFU can secure high conductance from 
MESFET of no MARIOFU. 

[0035] Drawing 6 [ JFET of no MARIOFU of drawing 5 ] which can be fundamentally 
manufactured by the same manufacture approach as JFET of drawing 1 is drawing showing the 
modification of JFET of no MARIOFU in the gestalt 2 of operation of above-mentioned this 
invention. In this JFET, the p conductivity-type SiC substrate which introduced p conductivity- 
type impurity into the SiC substrate is used. For this reason, since it is not necessary to form the 
p+ conductivity-type SiC film on a SiC substrate, 1 process abbreviation can be carried out. 
[0036] Moreover, drawing 7 is drawing showing another modification of JFET of no MARIOFU 
in the gestalt 2 of operation of above-mentioned this invention. In this JFET, p conductivity-type 
impurity is introduced into a SiC substrate, and the p conductivity-type SiC substrate is used. 
Furthermore, the gate electrode is made into the backgate structure by which ohmic contact was 
carried out to the rear-face side of an n+ conductivity-type SiC substrate. By using such backgate 
structure, the two-dimensional dimension of JFET is reduced and it becomes possible to 
miniaturize. 

[0037] In the above, although the gestalt of operation of this invention was explained, the gestalt 
of operation of this invention indicated above is instantiation to the last, and the range of this 
invention is not limited to the gestalt of implementation of these invention. The range of this 
invention is shown by the publication of a claim, and includes all modification in the publication 
of a claim, equal semantics, and within the limits further. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 1 1t is the sectional view of JFET in the gestalt 1 of operation of this invention. 
[Drawing 2] It is drawing showing distribution of n conductivity-type high impurity 
concentration of the thickness direction of a channel field. 

[Drawing 31 It is the sectional view of the modification of JFET in the gestalt 1 of operation of 
this invention. 

[Drawing 41 It is the sectional view of still more nearly another modification of JFET in the 
gestalt 1 of operation of this invention. 

[Drawing 51 It is the sectional view of JFET in the gestalt 2 of operation of this invention. 
[Drawing 61 It is the sectional view of the modification of JFET in the gestalt 2 of operation of 
this invention. 

[Drawing 71 It is the sectional view of still more nearly another modification of JFET in the 
gestalt 2 of operation of this invention. 

[Drawing 81 It is the sectional view showing the conventional JFET. 
[Drawing 91 It is the sectional view showing the conventional MESFET. 
[Description of Notations] 

1 A SiC substrate, 2 The p+ conductivity-type SiC film, 3 An n conductivity-type SiC layer, 4 
An n conductivity-type SiC layer, 5 A channel layer, 5a n conductivity-type undoping layer, 5b 
A pulse-like high concentration n mold SiC layer, S A source electrode, D A drain electrode, G 
Gate electrode. 



[Translation done.] 



22 



i PATENT ABSTRACTS OF JAPAN 



( 1 1 publication number : 54-057969 
(43)Date of publication of application : 10.05.1979 

(51)Int.Cl. H01L 29 / 80 

H01L 29/06 

(21) Application number : 52-124825 (71) Applicant : SONY CORP 

(22) Date of filing: 18.10.1977 (72)Inventor : WATANABE SEIICHI 

(54) ELECTRIC FIELD EFFECT TRANSISTOR 

(57)Abstract: 

PURPOSE: To produce a FET superior in high-frequency characteristic by providing an intrinsic 
or high-resistance semiconductor layer between a N-type channel and a P-type gate and 
depleting all channel layers in case of zero voltage across the gate and the source. 
CONSTITUTION: Intrinsic or high-resistance N- epi-layer 21 is provided on P++ layer 20, and 
ions are implanted by using an oxide mask having thin film part 22a to form selectively P+ layer 
23. Separately, an aperture is provided in film 22 to diffuse N+ layer 24. After that, large 
aperture 22c is provided to diffuse selectively N+ layer 24, and one side of diffusion is linked 
with layer 24. Next, mask 22 is removed, and layer 26 similar to layer 21 is formed epitaxially 
and is covered with oxide film 27. Apertures are selectively provided in film 27 to provide N+ 
layers 28 and 29 and P+ layer 30 which reach the edge of layers 24 and 25, and electrode SDG is 
formed respectively. By this constitution, the figure of merit of a Schottky barrier gate-type FET 
is enhanced to make the high-frequency characteristic good 
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